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Multi-GPU Scalability of Phase-Field Simulation
for Phase Transition
—>5 Tera Flop/s Performance on 40 GPUs

SATO1 OGAWA, T TAKAYUKI AOKI™2
and AKINORI YAMANAKAT3

Multi-GPU computing is carried out for the dendritic solidification of a pure
metal. The simulation code for the Allen-Cahn equation coupled with the
thermal conduction equation is implemented to the CUDA code and runs on
the NVIDIA Tesla GPU of TSUBAME grid cluster. The performance of 171

GFLOPS (Single precision) for single GPU has been achieved and 40 GPUs have
shown 5 TFLOPS for the computational domain of 1920 x 1920 x 1920 mesh.
For a large-scale multi-GPU computing, GPU-to-GPU communications become
major time consuming and the overlapping technique between the communi-
cation and computation is introduced to hide the communication time. The
strong scaling of the GPU number has been improved very much in the case
that the computational time is longer than communication time. The break-
down of execution time is examined carefully and the critical issues for HPC
application on multi-GPU platform become clear.
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Fig.1 The patterns of the neighbor grid access in the discretized Phase-Field equation (Left) and
thermal conduction equation (Right).
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Fig.2 Snapshots of the dendrite solidification solved by the Phase-Field equation for mesh.
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Fig.5 Multi-GPU scalability for overlapping computing and non-overlapping computing.
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